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by John R. Bucher,* Bernard A. Schwetz,*
Michael D. Shelby,* and Ernest E. McConnell*
During the night of December 2 and 3, 1984, an exo-
thermic reaction occurred in amethyl isocyanate (MIC)
storage tank at an agricultural chemicals plant in Bho-
pal, India. The ensuing chemical release caused deaths
and injuries on a scale unprecedented in modern indus-
trial history. Mortality exceeded that seen in Iraq in
1971-72 following the mass ingestion of fungicide-
treated grain, and the population affected was larger
than in the Minamata Bay methylmercury poisonings
in the 1950s and early 1960s, and the polychlorinated
aromatic-contaminated cooking oil incidents inJapan in
1968, and in Taiwan in 1979. As with those exposed to
TCDD in Saveso, Italy, and polybrominated biphenyls
in the state of Michigan, the survivors in Bhopal have
also had to deal with the uncertainty of potential long-
term health effects.
Other isocyanates used extensively in the plastics in-
dustry have received rather detailed toxicologic eval-
uations, but MIC does not have a large toxicology da-
tabase, primarily because ofits use pattern as a captive
chemical intermediate. At the time of the accident in
Bhopal, there was only one published paper on the tox-
icityofMIC, that ofKimmerle and Eben (Arch. Toxicol.
20: 243-247, 1964) concerning short-term effects follow-
ing acute exposures to animals and humans. In 1980,
MIC was nominated by the National Cancer Institute
to the National Toxicology Program (NTP) for toxico-
logic evaluation based on its high reactivity and poten-
tial for toxicity. As a result of this nomination, MIC
was selected for mutagenicity testing, but because of
the absence ofevidence ofsignificant human exposure,
no animal studies were performed at that time. The
events in Bhopal prompted researchers throughout the
world to examine the toxicity of methyl isocyanate.
Upon the request of the United States State Depart-
ment and the World Health Organization, the NTP and
the National Institute of Environmental Health Sci-
ences (NIEHS) undertook a series ofstudies to provide
basic toxicology information on MIC and to investigate
the potential for long-term health effects following
short, sublethal exposures.
The NTP/NIEHS studies on methyl isocyanate in-
cluded assessments of acute and long-term effects in
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rats and mice following single or repeated exposures by
inhalation. Special emphasis was placed on examination
of the respiratory tract, and findings were correlated
with changes in pulmonary function. Studies ofimmune
function examined the potential for heightened suscep-
tibility ofsurvivors to various infections. Concerns sur-
rounding possible reproductive effects were addressed
through studies with mice exposed to MIC duringpreg-
nancy, and by mating trials with exposed male and fe-
male mice. Genetic effects were evaluated in a variety
ofin vitro and in vivo assays. These included mutagen-
icity assays in Salmonella and mouse lymphoma cells
and cytogenetic studies in Chinese hamster ovary cells.
In vivo assessments included a dominant lethal assay
in mice and cytogenetic studies of bone marrow, pe-
ripheral blood cells, and lung cells. The results have
prompted the performance ofan unconventional carcin-
ogenicity study, in which the incidence of tumors will
be determined in mice and rats two years after a single
two-hour exposure to MIC.
On March 12 and 13, 1986, the NTP/NIEHS spon-
sored a conference titled "The Toxicity of Methyl Iso-
cyanate" at the NIEHS facility in Research Triangle
Park, NC. Invitations were extended to North Amer-
ican investigators working with MIC to present over-
views of their findings. We were fortunate to receive
an excellent response and were thus able to assemble
a group ofresearchers whose various interests allowed
us to consider the toxicity of MIC in a comprehensive
manner, from a variety of perspectives. It was clear
that the presented material constituted a basic core of
research informationrelevanttothesurvivorsinBhopal
and essential to the design offuture investigations. For
these reasons, we have collected manuscripts concern-
ing the work presented at the conference by scientists
from within and outside the NTP/NIEHS, and have
assembled them in this issue ofEnvironmental Health
Perspectives.
We would like to express our sincere appreciation to
the conference participants and to the Editors of En-
vironmental Health Perspectives for their assistance
and cooperation in the preparation of this issue. We
share the hope that these findings will be of value in
understanding and predicting long-term health effects
among the survivors in Bhopal.